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NATIONAL FOREWORD 

This Indian Standard (Part 2/Sec 1) which is identical with lEC 60534-2-1 : 1998 'Industrial-process 
control valves — Part 2-1: Flow capacity — Sizing equations for fluid flow under installed conditions' 
issued by the International Electrotechnicat Commission (lEC) was adopted by the Bureau of Indian 
Standards on the recommendation of the Industrial Process Measurement and Control Sectional 
Committee and approval of the Electrotechnical Division Council. 

This standard supersedes IS 10189 (Part 2/Sec 1) : 1992 'Industrial process control valves: Part 2 
Flow capacity, Section 1 Sizing equations for incompressible fluid flow under installed conditions*. 

The text of lEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attention ts particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should 
be read as 'Indian Standard*. 

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current 
practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards, which are to be substituted in their 
respective places, are listed below along with their degree of equivalence for the editions indicated: 



International Standard 

lEC 60534-1 : 1987 Industrial-process 
contro* valves — Part 1: Control valve 
termirK)logy and general considerations 

lEC 60534-2-3 : 1997 Industrial-process 
control valves — Part 2: Flow capacity — 
Section 3: Test procedures 



Corresponding Indian Standard 

IS/IEC 60534-1 : 1987 Industrial-process 
control valves: Part 1 Control valve 
terminology and general considerations 

IS/IEC 60534-2-3 : 1997 Industrial- 
process control valves: Part 2 Flow 
capacity, Section 3 Test procedures 



Degree of 
Equivalence 

Identical 



do 



For the purpose of deciding whether a particular requirement of this standard is complied with, the 
ftna* value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordartce with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of 
^igniftcant places retained »n the rounded off value should be same as that of the specified value in 
Ihts standard. 
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Indian Standard 
INDUSTRIAL^PROCESS CONTROL VALVES 

PART 2 FLOW CAPACITY 
Section 1 Sizing Equations for Fluid Flow Under Installed Conditions 



1 Scope 

Thts part of lEC 60534 tndudes equations ^or predicting the flow of compressible and 
incompressible fluids through control valves. 

The equations for incompressible flow are based on standard hydrocynamic equations for 
Newtonian incompressible fluids. They are not intended for use when non-Newtoman fluids, 
fluid mixtures, slurries, or liquid-solid conveyance systems are encountered. 

At very low ratios of pressure differential to absolute inlet pressure (Ap/p.). compressible fluids 
behave similarly to incompressible fluids. Under such conditions, the sizing equations for 
compressible flow can be traced to the standard hydrodynamic equations for Newtonian 
incompressible fluids. However, increasing values of Ap/pi result m compressibility effects 
which require that the basic equations be modified by appropriate correction factors The 
equations for compressible fluids are for use with gas or vapour and are not intended for use 
with multiphase streams such as gas-liquid, vapour-Hquid or gas-sohd mixtures. 

For compressible fluid applications, this part of lEC 60534 is valid for valves with xr < 0,84 
(see table 2). For valves with xj > 0,84 (e.g. some multistage valves), greater inaccuracy of 
flow prediction can be expected. 

Reasonable accuracy can only be maintained for control valves if /Cy/tf" < 0,04 (C^ftfi < 0.047), 

2 Normative references 

The following normative documents contain provisions which, through reference m this text, 
constitute provisions of this part of lEC 60534. At the time of publication, the editions indicated 
were valid. All normative documents are subject to revision, and parties to agreements based 
on this part of lEC 60534 are encouraged to investigate the possibility of applying the most 
recent editions of the normative documents indicated below. Members of lEC and ISO maintain 
registers of currently valid International Standards. 

lEC 60534-1:1987. Industrial-process control valves - Part r Control valve terminology and 
general considerations 

lEC 60534-2-3:1997, Industrial-process control valves - Part 2: Flow capacity - Section 3: Test 
procedures 
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3 Definitions 

For the purpose of this part of fEC 60534, definitions given in fEC 60534-1 apply with the 
addition of the following: 

3.1 

valve style modifier F^ 

The ratio of the hydraulic diameter of a single flow passage to the diameter of a circular 
orifice, the area of which is equivalent to the sum of areas of all identical flow passages at a 
given travel. It should be stated by the manufacturer as a function of travel. See annex A. 

4 Installation 

In many industrial applications, reducers or other fittings are attached to the control valves. The 
effect of these types of fittings on the nominal flow coefficient of the control valve can be 
significant. A correction factor is introduced to account for this effect. Additional factors are 
introduced to take account of the fluid property characteristics that influence the flow capacity 
of a control valve. 

In sizing control valves, using the relationships presented herein, the flow coefficients calculated 
are assumed to include alt head losses between points A and B, as shown in figure 1. 



Pressure 
tap 



Flow 



Pressure 
/tap 




Control vatve with or without attached fittings 



A « two nomtrtat ptpe dtameters 
/j a Six nominal ptpe diameters 



Figure 1 - Reference pipe section for sizing 



5 Symbols 
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Symbol 



Descriptton 



Una 



I 
C I Assumea ticw coe*.hc eni to^ ste^at ve pufpjses 

d I Nomina: vaive s/e 

D tnterna^ QiaiTeter of irte pip:r.g 

D. internal Oiameier of upstream p;ping 

0- interna^ dianeter ot aow^stream ptpmg 

D. Orifice Oiarreter 

F, Va^ve style modifier ;see annex A) 

F-- LiQuia critical pressure ratio factor 

F LiQuid pressure recovery factor of a contro; va ve witnojt attached fittings 

F - ' Comb:nea Lquia pressu^'6 'Gcovery factor anc piping geometry tactc^ ot a 
! c o n ; >■ o ' V a i V f? w ' t ^ a 1 1 a c n e o ■ ' i ! * ^ > g s 

Fp Pipmg geometry factor 

Fp I Reynoias number facio^ 

F I Spec'ftc heat ratto factor 

M \ Molecular mass of fiow^ng fluid 

N Numerical constants (see table 1) 

p. ;nlet absolute static pressure measured at point A {see ftgure i) 

p^ ! Outlet absolute stat.c pressure meaburea at Potri b (see figure i) 

Absolute thermodynamic cntsca: pressure 

p Reduced pressure {p'/Pc) 

p. Absolute vapour pressure of the liquid at inlet temperature 

\p Dtfferentfai p''essure oc-twoen upstream ana downstream pressure taps 

I iP- ~ P?i 

O I Volumetric flow rate <sgo note 5) 

Re^ ■ Valve Reynoias numb*^^ 

r i inlet absolute temperature 

j 
7. I Absolute tnermoaynamtc critical temperature 

I Reduced temperature i'^-f^:) 

Absolute reference temperature for standa^'O Cub^c metre 

W Mass flow rate 

Ratio of pressure differential to iniet aoso'ute pressure (Ap/P-l 

Pressure dtfferentiat rat;o factor of a contro* vaive wtthout attached fittmgs 
at choKed flow 

pressure differentiaj rat'o factor of a control va^ve vv^th attached fittmgs at 
cnoked fiow 

Expansion factor 

{ Compressibray ^acior 
: Ktnemaix viscosity 

I Density of ■luso a^ p- anc T- 

j 

j Re:attve dens.iy U'-'/A - ^ G fo^ wa^o' a; i5 C- 

j 

Specific heat i-atto 



va':cjs (see i C 6Qb3^ 
tsee note ** t 

Vanous tsee \EC 60b3^ 
(see note ^ ; 

mr?i 

■ ;seC' ^o^e 4) 



' isee note A] 
' >see rote <\ 



Kg'kmoi 

Various isee not^ '• i 

Rpa Of bar (see note 2) 

kPh 0' bai 

^Pa Of bar 

kf^a or baf 



K 
K 

K 



t'soe not© A) 



i^ee note 4! 
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*» 


Velocity head loss coefficient of a reducer, expander or other fitting 
attached to a control valve or valve tnm 








■3' 


Upstream velocity head loss coefficient of fitting 








r 
^2 


Downstream velocity head loss coefficient of fitting 








Ca^ 


Inlet Bernoulli coefficient 








^82 


Outlet Bernoulli coefficient 








NOTE 1 - To determine the units for the numerical constants, aimensiona! analysis may 
appropnate equations using the units given in table 1. 


be performed on 


the 


NOTE 2 - 1 bar = 10^ kPa = 10^ Pa 






NOTE 3 - 1 centistoke = 10-^ m^/s 






NOTE 4 - These vatues are travel -related and should be stated by the nnanutacturer. 






NOTE 5 - Volumetric flow rates in cubic metres per hour, identiiied by the symbol Q, refer to standard conditions. 
The standard cubic metre is taken at 1013,25 mbar and either 273 K or 288 K (see table 1). 



6 Sizing equations for incompressible fluids 

The equations listed below identify the relationships between flow rates, flow coefficients, 
related installation factors, and pertinent service conditions for control valves handling 
incompressible fluids. Flow coefficients may be calculated using the appropriate equation 
selected from the ones given below. A sizing flow chart for incompressible fluids is given in 
annex B. 

6.1 Turbulent flow 

The equations for the flow rate of a Newtonian liquid through a control valve when operating 
under non-choked flow conditions are derived from the basic formula as given in lEC 60534-1 . 

6.t.1 Non-choked turbulent flow 

6.1.1.1 Non-choked turbulent flow without attached fittings 

\ Applicable ff^p<Fl^{py - /pxp^)! 

The flow coefficient shall be determined by 






Ap 



0) 



NOTE 1 - The numerical constant N. depends on the units used in the general sizing equation and the type of flow 
coefficient K^or Q, i» » ,f 

NOTE 2 - An exampte of stzmg a vaive with non-choked turbulent flow without attached fittings is gtven in annex D. 
6.1.1.2 Non-choked turbulent flow with attached fittings 

<Appfk:Bbleif^p<\{Fipif=^{p^ - f^xp^)\ 

The fiow coefficient shall be determrned as follows: 

NOTE - Pe'er to 9 1 for We pip.ng geometry factor Fp 






(2) 
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6.1 .2 Choked turbulent flow 



The maximum rate at whicn ^ow will pass through a control valve at choked flow conditions 
shall be calculated from the foiiowtng equations: 

6.1.2.1 Choked turbulent flow without attached fittings 

Applicable ft Ap> Fj(p, - Fi x p^ ) j 

The flow coefficient shall be detef-mmed as *oMows' 



a/^/IVp.-/^x p, ^ 

NO^E - An example o^ sizing a valve w.ii c^okeo flow without attached frtttngs is given n ar^r^-e% 3 

6.1.2.2 Choked turbulent flow with attached fittings 

j Applicable if Ap > (f^p / Fp ) [p^~f^\ p,, j i 

The following equation shall be used to calculate the flow coefficient. 



^^1^^^ (4) 



6.2 Non-turbulent (laminar and transitional) flow 

The equations for the flow rate of a Newtonian liquid through a control valve when operating 
under non-turbulent flow conditions are derived from the basic formula as given m lEC 60534-1 
This equation is applicable if Re^ < 10 000 (see equation (28)) 

6.2.1 Non-turbulent flow without attached fittings 

The flow coefficient shall be calculated as follows 



A/i/^\ Ap 

6.2.2 Non-turbulent flow with attached fittings 

Per non-turbuient flow, the effect of ctose-coupled reducers or other flow disturbing fittings is 
unknown. While there is no information on the laminar or transitionaf flow behaviour of control 
valves installed between pipe reducers, the user of such valves is advised to utilize the 
appropriate equations for ime-sfzed vaives m the calculation of the Fq factor This should result 
in conservative flow coefficients smce additional turbulence created by reducers and expanders 
will further delay the onset of laminar flow. Therefore, it win tend to increase the respective F^ 
factor for a given valve Reynolds number 
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7 Sizing equations for compressible fluids 

The equations listed below identify the relationships between flow rates, flow coefficients, 
related installation factors, and pertinent service conditions for control valves handling 
compressible fluids. Flow rates for compressible fluids may be encountered in either mass or 
volume units and thus equations are necessary to handle both situations. Flow coefficients may 
be calculated using the appropriate equations selected from the following. A sizing flow chart 
for compressible fluids is given in annex B. 

7.1 Turbulent flow 

7.1.1 Non-choked turbulent flow 

7.1 .1 .1 Non-choked turbulent flow without attached fittings 

\Applk:able if x<Fy xj] 

The flow coefficient shall be calculated using one of the following equations: 

C = , (6) 

NsP^vixM ^'^ 

^ Q [mWz 

NOTE 1 - Refer to 8.5 for details of the expansion factor Y. 
NOTE 2 - See annex C for values of M. 

7.1.1.2 Non-Choked turbulent flow with attached fittings 

^Applicable if x<Fy xjp] 



The flow coefftclent shall be determined from one of the following equations: 



C- .=_ (9) 



1^6 1% Y^xp^^ 



C = -r— r J-^ (10) 



~ FpP^Yi X 



NOTE ^ - Refer to 8 t for the ptpmg geometry factor Fo 

m-E 2 - Ar exarr^DB o' s=/.ng a valve w.tn non-choked turbulent flow with attached fittmgs is given m annex D. 

7.1.2 Choked turbulent flow 
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7.1.2.1 Choked turbulent flow wfthout attached fittings 

lAppiicable if x> Fy Xj] 

The flow coeffic.ent shall be caiculated from one ot t»^e toiiowmg equations. 

W 



0,667 A/e 


^^^r 


Xt p- th 


W 


\ '■' 


0.667 /Vg 


P-\ 


' F, X- M 





MT-Z 



0,667 A/oR Pi \|f,XtpM 



MT,Z 



(12) 



(13) 



C= (14) 

0,667 /Vg p. ^ F, Xj 

7.1.2.2 Choked turbulent flow with attached fittings 

' Applicable if x> F, xjp 1 

The flow coefficient shall be determined using one of the following equations 

W 

c- 7 <^^) 

0.667 A/gFp^Fj, XtpPiPi 



C- I- — — (16) 

— ^A/gFpPi^F^ 



(17) 



0,667 /VgFpPi^F.XTp 

7.2 Non-turbulent (laminar and transitional) flow 

The equations for the flow rate of a Newtonian fluid through a control valve when operating 
under non-turbulent flow conditions are derived from the basse formula as given m lEC 60534-1 
These equations are applicable tf Re^ < 10 000 (see equation (28)) in this s-ubclause, density 
correction of the gas is given by (pi + P2)/2 due to non-isentropic expansion 

7.2.1 Non-turbulent flow without attached fittings 

The flow coefficient shall be calculated from one of the -oiiowmg equations 



C.-i^— Z^ (18) 



NOTE - An example of sizing a vaive with sma-'' ttow tr-^, is given ;r annex 



C=-°- ^- (19) 
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7.2.2 Non-turbulent flow with attached fittings 

For non-turbu!ent flow, the effect of close-coupled reducers or other flow-disturbing fittings is 
unknown. While there is no information on the laminar or transitional flow behaviour of control 
valves installed between pipe reducers, the user of such valves is advised to utilize the 
appropriate equations for line-sized valves in the calculation of the Fr factor. This should result 
in conservative flow coefficients since additional turbulence created by reducers and expanders 
will further delay the onset of laminar flow. Therefore, it will tend to increase the respective Fr 
factor for a given valve Reynolds number. 

8 Determination of correction factors 

B.I Piping geometry factor Fp 

The piping geometry factor Fp is necessary to account for fittings attached upstream and/or 
downstream to a control valve body. The Fp factor is the ratio of the flow rate through a control 
valve installed with attached fittings to the flow rate that would result if the control valve was 
installed without attached fittings and tested under identical conditions which will not produce 
choked flow in either installation (see figure 1). To meet the accuracy of the Fp factor of ±5 %, 
the Fp factor shall be determined by test in accordance with I EC 60534-2-3. 



When estimated values are permissible, the following equation shall be used: 

1 



'"p^ 






(20) 



In this equation, the factor I^ is the algebraic sum of alt of the effective velocity head loss 
coefficients of all fittings attached to the control valve. The velocity head loss coefficient of the 
control valve itself is not included. 



^C = Ci+C2+Cbi-?B2 



(21) 



in cases where the pipmg diameters approaching and leaving the control valve are different, 
the Cb coefficients are calculated as follows: 






(22) 



If the inlet and outlet fittings are short-length, commercially available, concentric reducers, the 
SI and ^2 coefficients may be approximated as follows: 



Inlet reducer: 



Ci=o^ 



1- 



( ny" 



D^) 



(23) 



Outlet reducer (expander): 



C2=t0 



VO2J 



-2 



(24) 



Inlet and outlet reducers of equal size: Ci + ^2 =1.5 



fd\ 



.12 



1-:- I 



(25) 
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The Fp values calculated with the above C factors generally lead to the selection of valve 
capacities shghtty larger than required This calculation requires iteration Proceed by 
calculating the flow coefficient C for non-choked turbulent flow. 

NO^E - Choked flow equations ana equa^ons -nvoivng f^ a^e not applicable 

Next, establish C as follows: 

C,^13C {26) 

Using C, from equation (26), determine Fp from equation (20) If both ends ot the vaive are the 
same size, Fp may instead be determined from figure 2. Then, determine if 

~^C, (27) 

^P 

If the condition of equation (27) is satisfied, then use the C established from equation (26) 
If the condition of equation (27) is not met, then repeat the above procedure by agam 
increasing C, by 30 %. This may require several iterations until the condition required ^n 
equation (27) is met. An iteration method more suitable for computers can be found m annex B 

For graphical approximations of Fp, refer to figures 2a and 2b. 

8.2 Reynolds number factor Fp 

The Reynolds number factor Fr is required when non-turbulent fiow conditions are established 
through a control valve because of a low pressure differential, a high viscosity, a very smalt 
flow coefficient, or a combination thereof. 

The Fr factor is determined by dividing the flow rate when non-turbulent flow conditions exist 
by the flow rate measured in the same installation under turbulent conditions 

Tests show that Fr can be determined from the curves given m figure 3 usmg a valve Reynolds 
number calculated from the following equation 



(2&) 



This calculation will require iteration. Proceed by calculating the fiow coefficient C for turbulent 
flow. The valve style modifier F^ converts the geometry of the orif)ce(s) to an equivalent 
circular single flow passage. See table 2 for typical values and annex A for details. To meet 
a deviation of ± 5 % for F^j, the F^ factor shall be determined by tes* tn accordance with 
lEC 60534-2-3. 

NOTE - Equations mvoiving F., are not applicable 

Next, establish Q as per equation (26) 

Apply C, as per equation (26) and determine Fp from equations (30) and (31) for full size trims 
or equations ^32) and (33) for reduced tnms. In either case, using the lower of the two Fp 
values, determine tf 
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If the condition of equation (29) is satisfied, then use the C, established from equation (26). If 
the conditton of equation (29) is not met. then repeat the above procedure by again increasing 
C, by 30 %. This may require several iterations until the condition required in equation (29) is 
met. 



For full size trim where C,/d2 > 0.016 N^q and Re^ > 10. calculate Fr from the following 
equations; 






(30) 



for the transitional flow regime, 
where 



Nz 



(Ci 



(30a) 



or 



_ 0,026 r-5— 



(not to exceed Fr = 1) 



(31) 



for the laminar flow regime.. 

NOTE 1 - Use the lower value of Fq from equations (30) and (31). If Re^ < 10, use only equation (31). 

NOTE 2 - Equation (31) is applicable to fully developed lanninar flow (siraignt lines In figure 3). The relationships 
expressed in equations (30) and (31) are based on test data with valves at rated travel and may not be fully 
accurate at lower valve travels. 

NOTE 3 - In equations (30a) and (31). CJ(fi must not exceed 0,04 when K, is used or 0,047 when C, is used. 

For reduced trim valves where Cf/(fi at rated travel is less than 0,016 A/^g and Re^ > 10, 
calculate Fr from the following equations: 



/t,=u 



for the transitional flow regime, 
where 



Of 






Inn ( ^gy ^ 

'°^^°llo5ooJ 



(32) 



n. = UN^[f^ 



0.026 



V2 



n^--^ — V"l2 ^^ ("^^ ^0 exceed Fr = 1) 



(32a) 



(33) 



for the laminar flow regime, 

NOTE 1 - Setect me lowest vai;.e from eouations (32) and (33). If Re^ < 10. use only equation (33). 

NOTE 2 ^ Equation (33) ts appbcaOle to fully developed iaminar flow (straight lines tn figure 3). 



10 
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8.3 Liquid pressure recovery factors Fi or F^p 

8.3.1 Liquid pressure recovery factor without attached fittings F^ 

F^ \s the fiquid pressure recovery factor of the vaive without attached ttttmgs. Thts factor 
accounts for the influence of the valve internal geometry on the valve capacity at choked tfow 
It !S defined as the ratio of the actual maximum flow rate under choked flow conditions to a 
theoretical, non-choked flow rate which would be calculated if the pressure differentia! 
used was the difference between the valve inlet pressure and the apparent vena contracts 
pressure at choked flow conditions The factor F^ may be determined from tests m accordance 
with lEC 60534-2-3. Typtcal values of Fi versus percent of rated flow coefficient are shown m 
figure 4. 

8.3.2 Combined liquid pressure recovery factor and piping geometry factor 
with attached fittings F^p 

Fip is the combined itquid pressure recovery factor and piping geometry factor for a control 
valve with attached fittings, it is obtained m the same manner as F^. 

To meet a deviation of ^5 % for F^p, Fip shali be delermir^ed by lebtn^g When estimated 
values are permissible, the following equation shall be used; 

(34) 




Here LC^ is the velocity head loss coefficient. w% ^ Cbi- o^ ^^^ fitting attachea upstream of the 
valve as measured between the upstream pressure tap and tne control vaive body miet 

8.4 Liquid critical pressure ratio factor Ff 

Fc iS the liquid critical pressure ratio factor. This factor is the ratio of the apparent vena 
comracta pressure at choked flow conditions to the vapour pressure of the liquid at inlet 
temperature. At vapour pressures near zero, Uns lactur is 0.96. 

Values of Ff may be determined from the curve m figure 5 or approximated from the following 
equation: 

/^ ^ 0,96- 0,28 (^ (35) 



'Pc 



8.5 Expansion factor Y 



The expansion factor / accounts for the change m density as the fluid passes from the valve 
inlet tc the vena contracta (the location just downstream of the onfice where the jet stream 
area is a minimum) It also accounts for the change m the vena contracta area as the pressure 
differential is varied.. 

Theoretically, Vis affected by all of the followmg; 

a) ratio of port area ic body mtet area; 

b) shape of the flow path; 

c) pressure differential ratio x; 

d) Reynolds number, 

e) specific heat ratio y. 

II 
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The influence of items a), b). c). and e) is accounted for by the pressure differentia! ratio factor 
XT. which may be established by air test and which is discussed in 8.6.1 . 

The Reynolds number is the ratio of inertial to viscous forces at the control valve orifice. In the 
case of compressible flow, its value is beyond the range of influence since turbulent flow 
almost always exists. 

The pressure differential ratio xt is influenced by the specific heat ratio of the fluid. 

y may be calculated using equation (36). 

/ = 1 — -^ > (36) 

3FyXT 

The value of x for calculation purposes shall not exceed F^ xr- if x > Fy xj, then the flow 
becomes choked and V= 0,667. See 8.6 and 8.7 for information on x, xj and F^ 

8.6 Pressure differential ratio factor xj or xyp 

8.6.1 Pressure differential ratio factor without fittings xj 

xr is the pressure differential ratio factor of a control valve installed without reducers or other 
fittings. If the inlet pressure Pi is held constant and the outlet pressure P2 is progressively 
lowered, the mass flow rate through a valve will increase to a maximum limit, a condition 
referred to as choked flow. Further reductions in P2 will produce no further increase in flow 
rate. 

This limit is reached when the pressure differential x reaches a value of F^ xx. The limiting 
value of X is defined as the critical differential pressure ratio. The value of x used in any of the 
sizing equations and in the relationship for V^ (equation (36) shall be held to this limit even 
though the actual pressure differential ratio is greater. Thus, the numerical value of Y may 
range from 0,667, when x = Fy xy, to 1 ,0 for very low differential pressures. 

The values of xt may be established by air test. The test procedure for this determination is 
covered m lEC 60534-2-3. 

NOTE - Representative values of Xy for several types of control valves with full size trim and at full rated openings 
are given m table 2 Caution should be exercised m the use of this information. When precise values are required, 
they should be obtained by test. 

8.6.2 Pressure differentiil ratio factor with attached fittings xtp 

If a control valve ts installed with attached fittings, the value of xj wilt be affected. 

To meet a deviation of ±5 % for xrp, the valve and attached fittings shall be tested as a unit. 
When estimated values are permissible, the following equation shall be used: 

''-- , %^^2 (37) 

NOTE - Values for N^ are given m tabfe 1 

In the above relationship, xj is the pressure differential ratio factor for a control valve installed 
without reducers or other fittings. Q, is the sum of the inlet velocity head loss coefficients 
(Ct + Cat) o^ the reducer or other fitting attached to the miet face of the valve* 
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If the inlet fitting is a short-length, commercialty available reducer, the value ot ; may be 
estimated using equation (23). 

8.7 Specific heat ratio factor Fy 

The factor xy is based on air near atmospheric pressure as the flowing flutd with a specific heat 
rat:o of 1.40. If the specific heat ratio for the flowing fluid is not 1.40, the *acto^ f v fs used to 
adjust XT. Use the following equation to calculate the specific heat ratio factor 

F., - -^ {38} 

' 1,40 

NOTE - See annex C Jc vat^es of ; aro F, 

8.8 Compressibility factor Z 

Several of the sizing equations do not contain a term for the actual density o* tne fiuiG at 
upstreann conditions, instead, the density ts inferred from the inlet pressure and temperature 
based on the laws of ideal gases. Under some conditions, real gas behaviour can deviate 
markedly from the ideal. In these cases, the compressihihty farTc 7 shall he '•^foduceo to 
compensate for the discrepancy. Z is a function of both the reduced pressure and reduced 
temperature (see appropriate reference books to determine Z) Reduced pressure p. is oetjned 
as the ratio o' the actual inlet absolute pressure to the absolute thermodynamic critical 
pressure for the flu:d in question. The reduced temperature Tr is defined similar y That fs 

(39) 





-£i 


Pt 






A: 




r. 


T 




! 


^t 



'C 

NOTE - See annex C ^or va-jes of p^ and 7 
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Table 1 - Numerical constants N 



Constant 


Flow coefficient C 


Formulae unit 


K, 


c. 


W 


Q 


pxAp 


P 


T 


a,D 


V 


N, 


1x10-' 
1 


8,65 X 10-2 
8 65 X 10-' 


~ 


m3/h 
m3/h 


kPa 

bar 


kgym3 
kg/m3 


- 


: 


: 


«2 


1.60 X 10-3 


2,14 X 10-3 


- 


- 


- 


- 


- 


mm 


- 


/V4 


7.07 X 10-2 


7,60 X 10-2 


- 


rr3/h 


- 


- 


- 


- 


m2/s 


^5 


1.80 X 10-3 


2.41 X 10-3 


- 


- 


* 


- 


- 


mm 


- 


^ 


3.16 
3.16 X 10' 


2,73 
2.73 X 10' 


kg/h 
kg/h 


— 


kPa 
bar 


kg/rTi3 
kg/m3 


— 


: 


-. 


^ 


1.10 
1.10 X 102 


9,48 X 10-^ 
9.48 X 10- 


kg/h 

kg/h 


_ 


kPa 
bar 


— 


K 
K 


_ 


_ 




2,46 X 10' 
2,46 X 103 


2.12 X 10' 
2,12 X 103 


— 


m3/h 
m3/h 


* kPa 

bar 


_ 


K 
K 


- 


- 




2.60 X 10^ 
2.60 X 103 


2.25 X 10' 
2.25 X 103 


- 


m3/h 
m3/h 


kPa 
bar 


_ 


K 
K 


~ 


_ 


Wl7 


1.05 X 10-3 


1.21 X 10-3 


- 


- 


- 


- 


- 


mm 


- 


Wifl 


8,65 X 10-' 


1.00 


- 


- 


- 


- 


_ 


mm 


- 


W,9 


2.5 


2.3 


- 


- 


'- 


- 


- 


mm 


- 




1,73 X 10' 

1,73 X 103 


1,50 X 10' 
1.50 X 103 


~ 


nt3/h 
m3/h 


kPa 
bar 


_ 


K 
K 


- 


_ 


(l.= 15-C) 


1.84 X 10' 
1,84 X 103 


1.59 X 10^ 
1,59 X 103 


~ 


m3/h 

m^/h 


kPa 
bar 


: 


K 
K 


: 


- 


WjT 


7J5x lO-"" 
7,75 X 10-1 


6,70 X 10-'' 
6,70 X 10-^ 


kg/h 
kg/h 


- 


kPa 

bar 


- 


K 
K 


_ 


- 


^^33 


6.00 X 10' 


5.58 X 10' 


- 


- 


- 


- 


- 


mm 


- 


NOTE - Use of the numencai constants provided m this tabie together with the practical metric units specified in the 
taMe wtH yield flow coefficients in the units m which they are defined. 
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Table 2 - Typical values of valve style modifier F^, liquid pressure recovery 
factor F(_, aad pressure differential ratio factor jrtat full rmfti travel ^) 



Valve type 


Trim type 


Flow direction ^^ 


f^L 


*T 


'^d 


Globe, 
smgle port 


3 V-port Dlug 


open or close 


0.9 


70 


0.48 


4 V-port plug 


open Of dose 


9 


0,70 


41 


6 V-port plug 


open or close 


0.9 


70 


30 


Contoureo p'ug (stnear and 
equal percentage) 


Open 
Close 


09 

08 


72 
55 


46 

1 00 


60 eouai diameter hoie 
dr;lied cage 


Outwarq 3 or 

inwara ^'- 


09 


68 


13 


120 equal d-amete'' hole 
dnllea cage 


Outward ^' or 
inward ^' 


09 


068 


09 

i 

1 


Characterized cage 4-port 


Outward -> 
inward ^ 


0.9 
0.85 


75 
0.70 


, . ^ 

0,41 ( 
04^ 


Globe, 
double port 


Ported plug 


Inlet between 
seats 

E'ther dfection 


0.9 
085 


75 


26 


Contoured plug 


70 


32 j 


Globe angle 


Contoured plug (itnear and 
equal percentage) 


Open 

Close 


0.9 
0.8 


72 
6b 


46 1 
1.00 ; 


Characterized cage 4-port 


Outward -' 
inwaro 3 


0,9 
85 


065 
60 


0.4, 1 
0.41 


Ventuf! 


Close 


06 


0.20 


1 00 


Globe, small 

flow trim 


V-notch 


Open 


0,98 


084 


070 j 


Flat seat (short traveO 


C^ose 


0,85 


70 


30 ; 


Tapereo needle 


Open 


95 


084 


0. 


Rotary 


Eccentric spherical plug 
Eccentric contcal plug 


Open 

Closo 

Open 
Close 


0.85 

0.68 

0.77 
0.79 


0.60 
40 

0,54 
065 


0.4? 1 
04? 1 

0.44 
44 


Butterfly 
(centred shaft) 


Swing-through (70^) 


Ettner 


0.62 


0,35 


57 I 


Swing-through (60=) 


Either 


0,70 


0,42 


50 


Fluted vane (70') 


Either 


0.67 


0,38 


0,30 1 


Butterfly 
{eccentric shaft) 


Offset seat f70M 


EtthG^ 


0,67 


35 


67 1 


Bail 

, 


Ful. oce (70'') 


E^th<?' 


0.74 


042 


99 \ 


Seamented bai' 

1 


Eitner 


0.60 


30 


98 





These values are fyo'ca" only actuas values s^iai De stated by the T^anufacture' 


? 


FtQw tends tc open c f 'ose *^o /aWe i e oust^ me closure memt>e? away Uom or towards t^e seat ! 


3j 


Outward means fiow '^:>^ cent-e of cage tc Outstde and tnwara means f'ow from outsfde of cage to 




centre ^ 
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1.0 



03 



0.S 



0,7 



0.6 





^ 


$^ 


^ 


dfD 

as 

0,8 




> 


^ 


0\ 


0,7 








-^ 


o.e 
ns 










0.4 



0,00 



0.01 



0.02 0,09 



0,04 



0,05 



NOTE 1 - Pipe diameter D is the same size at both ends of the valve (see equation (25)). 
NOTE 2 - Refer to annex E for example of the use of these curves. 

Figure 2a - Piping geomstry factor Fp for K^(fi 
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1.0 



it 0,9 



c 
a 



0,7 



0,6 







— 


:;^^ 


^^ 






^ 


\<; 


\ 








\!^^ 


^ 












\ 



0,00 



0.01 



002 



0.03 



QM 



OJib 



C/a^ (ustngCv) 

NOTE 1 - Pipe diametGr D \s the same size at Dotn ends ot the vaive (see eauation (?t] 
NOTE 2 - Refer to annex h tor example ot tne use o' '^ese Curves 

Figure 2b - Piping geometry factor Fp lor Cy/(fi 
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10 100 

Vatv* RtynoldB ftumtitr • ff»v 



1,000 



10,000 



Curve 1 !5 for Cl(^ = 0,016 /Vig 
Curve 2 is for C,l(f ~ 0,023 A/ig 
Curve 3 iS for C/c^ = 0,033 Wig 
Curve 4 is for CJ(f = 0,047 /Vig 
NOTE - Curves are based or^ f,^ betng approximately 1,0. 

Figure 3 - Reynolds number factor F^ 
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1.00 




0,50 



10 20 30 40 50 60 

Percent cf rated C 



70 80 90 100 



Figure 4a - Double seated globe vafves and cage guide globe valves {see legend) 



1.00 



0,90 



o 

03 




^ 




> 


0,80 


o 




o 








o 








a 






O./O 


o 




Q. 




3 




g' 


0,60 



0.50 




10 20 30 40 50 60 70 80 90 100 

Percent ot rated C 

Figure 4b -Butterfly valves and contoured small flow valve fsee legend) 
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1,00 
0.90 
0.80 
0.70 
0.60 
0,50 



o 
o 
« 

o 

> 
o 



s 

D 



a 

CT 







i 

i 7 






1 


^•---w ' "^^-^ 






^^^'^T'**^ |^''''~fc ■ 1 ^ ^ i 




1 


i /^ ^^^^^ 








-in — 


A ' \ \ ^ 






^ 


11 


^ ! 1 






1 


1 



10 20 30 40 50 60 70 80 90 1 00 

Percent of rated C 



Figure 4c - Contoured globe valves, eccentric spherical plug valves, 
and segmented ball valve (see legend) 



u. 1,00 
o 

S 0.90 

Q 0.80 



1 070 

a 

a 0,60 

"2 
a 



0.50 



^ 
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"'*■ ■■ 1 

. .. 




i 


i ^"~i?~"^ r- . 




i 

h^ — ^ 






! 1 ■ i 




j 




I 


1 ! 


i 




5 


: ! ! 1 i j 
, i 1 i j i , 




j 
f 



10 20 30 40 50 60 

Percent of rated C 



70 



80 



Figure 4d - Eccentric conical plug valves (see legend) 



Legend 

! Double seated gioOe vatve^ V-port plug 

2 Ported cage guided giobe valve (fiow-to-open 
and fiow'to-ciose) 

3 Double seated gtobe valve, contoured plug 

4 Offset seat butterlty valve 

5 Swng through butterfly valve 

6 Contoured smaM fiow valve 

7 S ngie port, equal percentage, contoured gtobe 



90 



100 



8 Single port, equal percentage, contoured globe 
valve, flow-to-close 

9 Eccentnc sphencal plug valve, flow-to-open 

10 Eccentric sphencal plug valve, flow-to-close 

1 1 Segmented bait valve 

12 Eccentric conical plug valve, f!ow-to-open 
12 Eccentric conical plug valve, flow-to-close 



valve, ftow toopen 
NOTE - These values are typica! only, actual values shall be stated by the manufacturer. 

Figure 4 - Variation of F^. with percent of rated C 
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1,00 



^ 0.90 *- 



0,80 



« 0,70 



0.60 



0,50 — 
0,00 



0,10 0^0 0,30 0,40 0.50 0,60 0.70 0,80 



0.90 



t.OO 



Absolute vapour pressure 



Absolute thermodynamtc cnticei pressure 



Pv/Pt 



Figure 5 - Liquid critical pressure ratio factor Ff 
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Annex A 

(informative) 

Derivation of valve style modifier F^ 



All variables in this annex have been defined in this part except for the following: 
Ao area of vena contracta of a single flow passage, millimetres squared; 



do 



A/n 






hydraulic diameter of a single flow passage, millimetres; 

inside diameter of annular flow passage (see figure A.1). millimetres; 

equivalent circular diameter of the total flow arqa, millimetres; 

diameter of seat orifice (see figures A.I and A.2), millimetres; 

wetted perimeter of a single flow passage, millimetres; 

number of independent and identical flow passages of a trim, dimensionless; 

angular rotation of closure member (see figure A.2), degrees; 

maximum angular rotation of closure member (see figure A.2), degrees; 

velocity of approach factor, dimensionless; 

discharge coefficient, dimensionless. 



The valve style modifier F(j. defined as the ratio dn/tfo at rated travel and where Cj/cP > 0.016 /V-jg, 
may be derived from flow tests using the following equation: 



For valves having Q/rf? < 0.016 /V^b. ^6 'S calculated as follows: 






(A.I) 



cai + 



^.ii 



(A.2) 



NOTE - Vafues for Np^ard N-^p are listed m table A ^ 

The test for determining F^ \s covered in (EC 60534-2-3. 

Alternatively, Fq can be calculated by the following equation: 



^0 



(A-3) 



The hydraulic diameter d^ of a single flow passage Is determined as follows: 



d..i^ 



(A.4) 
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The equivalent circular diameter d^ of the total flow area is given by the following equation: 



Fd may be estimated with sufficient accuracy from dimensions given tn manufacturers' 
drawings. 

The valve style modifier for a single-seated, parabohc valve plug (flow tending to open) (see 
figure A.1) may be calculated from equation (A. 3). 

From Darcey's equation, the area Aq is calculated from the following equation: 

A,^^^^^^ (A.6) 



No 



NOTE - Values for A/23 are listed in table A 
Therefore, since Nq~ 1, 



"-j^ 



4 N„ CF, 



23 '--a 



V n 
4A) 



{A7) 



rt. 



L 



^3l^fL (A8) 



MDo-d, 



From above, 





\4N23CFl] 


[MDo^d,)^ 


Un2zCF^ 


i n 


1,1 3^/^23 ^^L 


Do^d, 



(A3) 



(A 9) 



where d, varies with th^ flow coefficient. The diameter d, is assumed to be equal to zero wher 
/V23 CF^^= Do2. At low C values, c/, = Dq, therefore. 



Do 



1.13V/V23C F: ^^^,, 

on e.ir' ■^- 



The maximum Fn is 1,0. 
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For swing-through butterfly valves (see figure A.2). 

The effective orifice diameter is assumed to be the hydraulic diameter of one of the two jets 
emanating from the flow areas between the disk and valve body bore; hence Nq = 2. 

The flow coefficient C at choked or sonic flow conditions is given as: 

2/ xfl-sina 



ai25;r D^^ifi^^fi^) 
N23CFi= Lii:!^ (A.12) 

Assuming the velocity of approach factor fsi = 1. making /zi = 0,7 and /X2 = 0.7 and substituting 
equation (A.6) into equation (A.12) yields equation (A. 13). 



0,55 Do^ 



1-sina 



^= JS ^^ (A-13) 



A/o 



and since p = 90** for swing-through butterfly valves, 



^ 0,55 Do^ (1-sina) ' 

A>= rf ^ (A.14) 

However, since there are two equal flow areas in parallel, 

>^, = 0,275 Do^ (1-sina) (A.15) 

and 



do- 



= 0337Oo>/l-sina (A.16) 

" 0,59 ;r Do 
= 0^9Oo(l-sina) (A.17) 

NOTE - 0,59 K Do is taken as the wetted perimeter /„ of each semi-circie allowing for jet contraction and hub. 

'i>=f- (A.3) 

"O 

which results in 

Fd=0,7Vl-sina (A.1B) 
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Table A.1 - Numerical constant N 



Constant 


Flow coefficient C 


FormuJae unM 


K, 


Cv 


Q 


d 


V 


A/.3 


1,96 X 10^ 


1,70x IQT 


- 


mm 


~ 


^26 


1.28 X 107 


9.00 X 106 


m3/h 


mm 


m^/s 


Wa. 


2,1 X lO'^ 


1,9 X 10^ 


m3/h 


- 


m2/s 


^32 


1 ,4 X 1 02 


1.27 X 102 


- 


mm 


- 


NOTE - Use of the numerical constant provided in this table together with the practical metric untts specified m 
the table will yield flow coefficients in the units In which they are defined. 



rc:^ 




Figure A.I - Single seated, parabolic plug (flow tending to open) 







Figure A.2 - Swing-through butterfly valve 
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Annex B 

(informative) 

Control valve sizing flow charts 



B.1 IficofnprMsiNa flukts 



Yes 



Non-choked flow 
CalcutateC 
using eq. (1) 



C^^ 



Select /=L 

using vatve type 

and size * 



CatcutateFp 
using eq. (35) 




* When in doubt, use intet 
pipe $(ze as vatve size 



No 



i 



Choked flow 
Cak^ulateC 
using eq. (3) 



(continued) 



Cafculale/9e^ using eq. (28) 

UseCasC, 

Use F. from table 2 



No 



Use 
calculated C 




Calculate C 
using eq. (4) 




_NflL 



Calculate C 
using eq. (2) 



C^C 
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Calculate Fq as lower 
value of eq (32) and 

eq(33) 
[\f Re^ < 10, useFj:, 
from (33)] 



(continued) 



r 

j Non-tufbuleni flow 
j Establish C = 1 ,3 C 




value of eq (30) and 
eq(31) 

[It Hc^ V 10. use Fp 
from (31)] 




Yes 



f Use C as flow 
\ coefficer.t 



27 



ISflEC 60534-2-1 : 1998 



B.2 ComprMsible fluid* 



c 


Start 


) 


i 


Select x^ 

using valve type 

and size * 



Calculate F 
using eq. (38) 



Yes 



Non-choked flow 

Calculate Y 

using eq. (36) 

Calculate C 

using (6). (7) or (8) 



(continued) 



Calculate Re^ using eq. (26) 

Use Cas C, 

Use F, from table 2 



Yes 




* When in doubt, use intet 
pipe size as vatve size 




No 



Choked flow 

/= 0,667 

Calculate C using 

eq- (12). (13) or 

(14) 



No 



Use \ 

caiculated C J 






5 



Cak^ulate 




I Calculate C 
using eq. (15). (16) 
or (17) 



No 




Calculate C 

using eq. (9), (10) 

or(11) 



C = C 



Use 
caiculated C 



2B 



B.2 Compressible fluids (conttnued) 
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Calculate Fp, as lower | 
value of eq. (32) and i No 

eq.(33) 
[If Re^ < 10, useFp, 
from (33)] 



(continued) 



Non-turbulent flow 

Establish Q ^ 1.3C 

Calculate Re^ 

using eq (28) 




Calculate Fp, as lower 
value of eq (30) and 

eq(3^) 
[if fle, < 10. useh^ 
from (31 




Use C as flow 
V coefftcent 



y 
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Annex C 

(informative) 

Physical constants ^) 



Gat or vapour 


Symbol 


If 


T 


'r 


Pe'' 


fe^) 


Acetylene 


C2H2 


26.04 


1.30 


0.929 


6 140 


309 


Air 


- 


28.97 


1.40 


1.000 


3 771 


133 


Ammonia 


NH3 


17,03 


1,32 


0.943 


11 400 


406 


Argon 


A 


39.948 


1,67 


1,191 


4 670 


151 


Benzene 


CeHc 


78.11 


1.12 


0.800 


4 924 


562 


Isobutane 


C4Hg 


58.12 


1.10 


0.784 


3 638 


408 


n-Butane 


CaH^o 


58 J 2 


1.11 


0.793 


3 800 


425 


Isobutylene 


C4He 


56,11 


1,11 


0.790 


4 000 


418 


Carbon dioxide 


CO2 


44.01 


1.30 


0.929 


7 387 


304 


Carbon monoxide 


CO 


28.01 


1.40 


1.000 


3 496 


133 


Chlorine 


C12 


70.906 


1.31 


0.934 


7 980 


417 


Ethane 


CjHe 


30,07 


1.22 


0.871 


4 884 


305 


Ethylene 


CjH^ 


26.05 


1.22 


0.871. 


504d 


283 


Fluorine 


Pa 


18,996 


1.36 


0.970 


5 215 


144 


Freon 1 1 (trichloromonotluormethane) 


CCI3F 


137,37 


1.14 


0.611 


4 409 


471 


Freon 12 (dichlorodJfluoromethane} 


CCIjFa 


120.91 


1,13 


0.807 


4 114 


386 


Freon 13 (chiorotrifluoromethane) 


CDF 


'104.46 


1.14 


0.614 


3669 


302 


Freon 22 (chlorodifiuoromethane) 


CHCIF2 


80.47 


1,18 


0.846 


4 977 


369 


Helium 


He 


4,003 


1.66 


1.166 


229 


5.25 


n- Heptane 


C7H.6 


100.20 


1.05 


0.750 


2 736 


540 


Hydrogen 


Hj 


2.016 


1.41 


1.007 


1297 


33.25 


Hydrogen chloride 


HCt 


36.46 


1.41 


1,007 


8 319 


325 


Hydrogen fluoride 


HF 


20,01 


0.97 


0.691 


6 485 


461 


Methane 


CH4 


16.04 


1,32 


0.943 


4 600 


191 


Methyl chtondt 


CHjCI 


50.49 


1.24 


0.889 


6 677 


417 


Natural gas *> 


- 


17,74 


1.27 


0.907 


4 634 


203 


Neon 


Ne 


20,179 


1.64 


1.171 


2 726 


44,45 


H\Xt\c oxide 


NO 


63,01 


1,40 


1.000 


6 485 


180 


Nitrogen 


N2 


28.013 


1.40 


t.ooo 


3 394 


126 


Octane 


CbH^b 


114.23 


1.66 


1.186 


2 513 


569 


Oxygen 


0, 


32.000 


1.40 


1.000 


5 040 


155 


Pentane 


CsH,^ 


72.15 


1,06 


0.757 


3 374 


470 


Propane 


C3HB 


A4.10 


1.15 


0.821 


4 256 


370 


Propylene 


CaHg 


42.08 


1.14 


0.814 


4 600 


365 


Saturated steam 


- 


18,016 


1-25- 

1.32 1*) 


0.893- 

0,943^; 


22 119 


647 


Sulphur dioxide 


SO, 


64,06 


1.26 


0,900 


7 822 


430 


Superheated steam 


- 


18,016 


1.315 


0.939 


22 119 


647 


Constants are for fluids (exceot for steam) at ambient temperature and atmospheric pressure 
^ Pressure units are KPa (aDsoijie) 
^ 'emperatu'^G un-ts a'-e m K 
*: Representative values; exact characteristics require knowledge of exact constituents. 
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Annex D 

(informative) 

Examples of sizing calculations 



Example t : Incompressible flow - non-choked turbulent flow without attached fittings 
Process data: 



Fluid: 

Inlet temperature: 
Density: 

Vapour pressure: 
Thermodynamic critical pressure: 
Kinematic viscosity: 
Inlet absolute pressure: 
Outlet absolute pressure: 
Flow rate: 
Pipe size: 



water 

h = 363 K 

p^ = 965.4 kg/m3 

Pv= 70,1 kPa 

Pc = 22 120 kPa 

v=3.26x 10-7 m2/s 

Pi = 680 kPa 

P2 = 220 kPa 

Q = 360 m3/h 

D^ ~ 02- ^S0 mm 



Valve data: 

Valve style: 

Trim: 

Flow direction: 

Valve size: 

Liquid pressure recovery factor: 

Valve style modifter; 



globe 

parabolic plug 

flow-to-open 

d- 150 mm 

Fl = 0,90 (from table 2) 

Fd = 0.46 (from table 2) 



Calculations: 



where 

Pv = 70,1 kPa; 

Pc = 22 120kPa. 

Next, determine the type of flow: 



f^=:0,96 - 0,28 J^- 0,944 



^2(p^_f^xp,)-497,2kPa 



(35) 
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which is more than the differential pressure {Ap = 460 kPa); therefore, the flow is non-choked, 
and the flow coefficient C is calculated using equation (2): 






^ = 165 m^/hfor K^ (1) 

Ap 



where 

Q = 360 m3/h; 

N^ = 1 x10-^ from tablet; 

pylpo = 0,965; 

Ap = 460 kPa. 

Next, calculate Re^,: 






V4 

= 2.967x10® (28) 



where 

A/i; = 1 ,60 X 1 0-3 from table 1 ; 

N4 = 7.07 X 1 0-2 from table 1 ; , 

Fd = 0.46; 

O = 360 m3/h; 

V = 3,26 X 10-7 m2/s; 

C, = C = Kv= 165m3/h; 

Fl = 0,90; 

D= 150 mm. 

Since the vatve Reynolds number is greater than 10 000, the flow is turbulent, and th« flow 
coet/ftcient Cas calculated above is correct. 

Example 2: Incompressilile flow - choked flow without attached fittings 

Process dsts: 

Fluid: water 

Inlet temperature: Ti = 363 K 

Density: p^ = 965,4 kg/m3 

Vapour pressure: Pv = ^0-^ kPa 

Thermodynamic critical pressure: p^ = 22 120 kPa 

Kinematic viscosity: v = 3,26 x 10-^ m2/s 

inlet absolute pressure: Pi = 680 kPa 

Outlet absolute pressure: P2 = 220 kPa 

Flow rate: Q == 360 m3/h 

Pipe size: Di = D2 = 100 mm 
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Valve data: 

Valve style: 

Trtm: 

Flow direction: 

Valve size: 

Liquid pressure recovery factor: 

Valve style modifier: 



ball valve 

segmented ball 

flow-to-open 

d = 100 mm 

Fl = 0,60 (from table 2) 

Fq = 0.98 (from table 2) 



Calculations: 



/^- 0,96 -0,28 



0,944 



(35) 



where 

Pv = 70,1 kPa; 

Pc = 22 120 kPa. 

Next, determine the type of flow 



fi^(p,-f^>:p^)-221 kPa 



which is less than the differential pressure {^p = 460 kPa); therefore, the flow ts choked and 
the flow coefficient C ts calculated usmg equation (3): 



O \ Pi/Po 



238 rr.-'/h for K^ 






where 

O = 360 m3/h; 

A/i = 1 X 10 -I from table 1; 

Fl = 0.60; 

Pi/po - 0,965; 

Pi = 680 kPa, 

Ff = 0,944; 

Pv = 70,1 kPa. 

Next, calculate Re^: 



«e..i^^lM:^!^^l 



^1/4 



v^foXi^z^"^ 



r: 6,598 xlO'^ 



(28! 



where 

N2 = 1,60 X 10-3 from fable 1; 

/V4 = 7.07 X 10-2 from table 1; 

Fd = 0,98; 

Q = 360 m3/h; 

v = 3,26 X 10-7 m2/s; 

C = C^ K^ = 238 m3/h; 



L^ 



0.60; 



D= 100 mm. 
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Since the valve Reynolds number is greater than 10 000, the flow is turbulent and no more 
correction is necessary. 

Example 3: Compressible flow - non-choked flow with attached fittings 



Procass data: 

Fluid: 

Inlet temperature: 
Molecular mass: 
Kinematic viscosity: 
Specific heat ratio: 
Compressibility factor: 
Inlet absolute pressure: 
Outlet absolute pressure: 
Flow rate; 
Inlet pipe size: 
Outlet pipe size: 
Reducers: 



carbon dioxide 

h = 433 K 

M= 44.01 kg/kmol 

v= 1,743 X 10-5 m2/s 

y-1.30 

Z= 0.988 

Pi = 680 kPa 

P2 = 310kPa 

O = 3 800 standard m3/h at 101 ,325 kPa and ^'C 

D-i = 80 mm 

P2=100mm 

short length, concentric 



Valve data: 

Valve style: 

Trim: 

Flow direction: 

Valve size: 

Pressure differential ratio factor: 

Liquid pressure recovery factor: 

Valve style modifier: 



rotary 

eccentric rotary plug 

flow-to-open 

d = 50 mm 

XT = 0,60 (from table 2) 

Fl = 0,85 (from table 2) 

Fd = 0,42 (from table 2) 



Catculatlona: 



where 
y= 1.30. 

and with thrs: 



t40 



: 0,929 



(38) 
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which is less than FyXj ~ 0,557; therefore, the flow is non-choked and the f'ow coefttc»ent \s 
calculated from equation (11). Next, Y \s calculated from equation (36). 



V-1- 



3F^Xt 



— - 0,674 



where 
X- 0,544; 
Fv= 0.929; 
XT - 0,60. 



C = 5 ^/^AZ. 62.7 m^'h for K, 



where 

O - 3 800 m3/h 

A/g = 2.46 X 10^ for fg = °C from table 1 

assume Fp = 1 

Pt ^ 680 kPa 

y= 0,674 

M= 44.01 kg/kmol 

Ti = 433 K 

Z= 0,988 

V - 0.544 

Now, calculate Re^ using equation (28): 

Ra, 



vJqX[N2D^ 



-^VA 



8,96 xlO"" 



where 

A/2 = 1 ,60 X 1 0-3 from table 1 

^4 - 7.07 X 10-2 from table 1 

Fa - 0.42 

O - 3 800 m3/h 

v^ 1.743 X 10-5 m2/s 

C,^ C^ /Cv = 62,7 m3/h 

F^ = 0.85 

D =: 80 mm 

Since the valve Reynolds number ,s greater than 10 000 the flow is turduient 

Now. calculate the effect of the mlet and outlet reducers on C. 



(36) 



(V 



(28) 
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Since both reducers are concentric, short length, the velocity head loss coefficients can be 
calculated as follows: 

Ci=0.5[l-(d/D,f] =0,186 (23) 

where 
d = 50 mnri 
Oi = 60 mm 

C2 = to[l-(d/P2f] =0.563 (24) 

where 
d=50mm 
D2= 100 mm 

and the Bernoulli coefftcients are: 

fBi=1-(d/£>i)'^ =0.847 (22) 

where 
d = 50 mm 
Dx - 80 mm 

CB2^H^fO2f^0J&3B (22) 

where 
d = 50 mm 
D2 = 100 mm 

The effective head loss coefficient of the inlet and outlet reducers is: 

2:; = Ci^f2^CBi-fB2-0.658 (21) 

where 

ft =0,186 

^2 == 0.563 

C81 = 0.847 

^32 = 0,938 

Now, the effect of the reducers is calculated by iteration, startmg with Q= C and Fpi^^] = 1 : 

Fp(2) := . ^ ^0.891 (20) 






where 

If = 0,658 

/V2 = 1.60 X 10-3 from table 1 

C^ = 62,7 m3/h 

d = 50 mm 
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Since Fp(2)//^a(i) - 0,891/1 < 0,99. one more iteration step shall be done. 

C,.-^.-?^.70.4m^h 
^p(2) 0,891 



1 



Fp(3j :3 , = 0,868 (ao) 

11 + 



where 

Zr= 0,658 

A/2= 1,60 X 10-3 from table 1 

Cz = 70,4 m3/h 

d = SO mm 

Now, Fp(3)/Fp(2) = 0,868/0,891 > 0.99 so Fp^^^ will be used as Fp for the fmai caiculation, 

x^p ^ E ^^ ^ 0.626 (37) 



2 



^T S*i ' ^2 ^ 



where 

xt= 0.60 

Fp = 0,868 

Ci-Ci + Cb^ = 1.033 

/V5= 1,80 X 10-3 from table 1 

€2 = 70,4 m3/h 

d - 50 mm 

and with this FyXjp = 0.582, which is greater than x == 0.544. 
Finally, C results from equation (1 1 ) as follows: 



^9 /-p P- 

where 

Q = 3 800 m3/h 

/V9 = 2.46 X 10' for fs = X from table 1 

Fp=: 0,866 

Pi = 680 KPa 

/- 0,674 

M= 44.01 kg/Kmol 

r. = 433 K 

Z=: 0,388 
X = 0,544 



C. ?__^pM.72,2m3/hfor K, ^ (ti) 

A/n Fn P^ r V X 
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Example 4: Compressible flow - small flow trim sized for gas flow 



Process data: 

Fluid: 

Inlet temperature: 
Inlet absolute pressure: 
Outlet absolute pressure: 
Flow rate: 
Molecular mass: 
Kinematic viscosity: 
Specific heat ratio: 
Specific heat ratio factor: 



argon gas 

7i = 320 K 

p^ - 2,8 bar (absolute) 

P2 = 1 ,3 bar (absolute) 

= 0.46 standard m3/h at 1 013.25 mbar and 15 °C 

M= 39.95 

V = 1,338 X 10-5 m2/s at 1 bar (absolute) and 15 °C 

y=l.67 

Fy=1.19 



Vaivedata: ' 

Tnm: 

Liquid pressure recovery factor: 

Pressure differential ratio factor: 

Orifice diameter: 

Vaive size: 

Internal diameter of piping: 



tapered needle plug 
Fl = 0.98 
xr = 0,8 

Dq- S mm 
d = 1 5 mm 
0=15 mm 



Calculation: 

The first step is to check the Reynolds number Re^^: 






^Aq^.l 



1/4 



^N^D^ 



(28) 



This requires input of C,. which has to be determmed. Since x > FyXj, the flow coefficient can 
be estimated by first using the choked flow equation (14) to calculate C, then multiplying C 
by 1,3 m accordance with the iteration procedure of 8.1. 



C- 



Q 



MT.Z 



0,667 NqP^V FyXj 

where 

Q^ 0.46 m3/h 

/Vg = 2.25 X 103 for (s = 15 ^C from table 1 

pi = 2,8 bar 

M= 39.95 kg/kmol 

T, = 320 K 

Z= 1 

Fv= 1,19 

xj = 0,8 



0,0127 for a 



(14) 
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Cj = X3 C :- 0.01 65 for C^ (26) 



where 

C= 0.0127 for Cv 

Next, estimate F^ from the equation m table 2: 



F^ = -^ ^ = 0,058 



Do 



where 

C= Ci = 0,016 5 for C^ 

Fl = 0,98 

A/ig= 2,3 from table 1 

Do = 5 mm 

Calculate Re^f as follows: 



Re^.I^5l^J\,202 (28) 



where 

A/2 = 2.12 X 10-3 from table 1 

A/4 = 7,6 X 10-2 from table 1 

Fd = 0,058 

Q=0,46m3/h 

V- 1,338 X 10-5 m2/s 

Fl = 0.98 

Q == 0.0165 for C^ 

D = 15 mm 

Determine if C/d^ < 0,016 A/^r: 

C/cy2 = 7,333 X 1D-5 

0.016 A/i8 = 0.016 

C/c/2<o,016 A/t8 
where 

A/ig = 1.00 from table 1 
C= 0.016 5 

d= 15 mm 

Since the Reynolds number is below 10 000. the flow is non-turbulent: hence flow coefficient 
equation (19) has to be used. Since C/d? < 0,016 A/^e and Re^ > 10. calculate Fr from both 
equations (32) and (33J and use the lower value. 



r^^^^ =1,476 {32a) 



where 

^33 = 55,8 from table 1 

C = 0,016 5 for C^ 

Re^ = 1 202 

d= 15 mm 
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f 033^1 f_fl5L.Vo727 (32) 

I V'" J 110000 j 



fn=1+(0,296)(-0.920) = 0,727 



where 
Fl = 0,98 
02 = 1 ,478 
flSv = 1 202 



0,026 



ff,=^V;pi: = \12 (33) 



NOTE - F^ is limited to 1. 

where 

Fl = 0,98 

nn^ 1,478 

flev = 1 202 

Use Fr = 0.727. the lower of the two calculated values. 



C=--^C^^=0,018forCv (19) 



where 

Q = 0,46 m3/h 

N22 = 1,59 X 103 fpr ts = 15 "C from table 1 

Fr = 0.73 

W= 39,95 kg/kmol 

r, = 320 K 

Ap = 1*5 bar 

pi = 2.8 bar 

p2 = 1,3 bar 

Check: 



-^<q (29) 



0,0127 

=: 0,01 8 > 0.01 65 
0727 

Since CfF^ is not less than C, repeat the iteration process by increasing Q by 30 %. 

New C = 1,3 C, = 0,021 4 

where 

C = 0.016 5 
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C= a- 0.0214 for Cv 
F^ = 0,98 

A/i9 ^2,3 from table 1 
D^- 5 mm 

Caicuiate f?ev" 

;,a,.-^^^^^r".i202 

where 

/V2 ^ 2,14 X 10-3 from table 1 

A/4- 7,6 X 10-2 from taoie 1 

F^ ^ 0,067 

O = 0,46 m3/; 

v= 1.338 X 10-5 m2/s 

F_ - 0,98 

C = 0214 

Since the value of Re^,, remains the same as previously calculated F^ remasrs al > 
Tnerefore, the calcuiated C wiii remain at 0,018 and any trim with a rated C ot 0,018 o^ n,g^ 
for Cy is appropriate 
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